Response to Reviews

Manuscript: An improved high-resolution passenger vehicle emission inventory for
China using ride-hailing big data (egusphere-2025-5554)

We sincerely appreciate the constructive comments and valuable suggestions
provided by the reviewer, which have greatly contributed to improving the quality of
our study. The response to each comment is listed below. In the point-by-point
response, reviewers’ comments are marked in black, our responses are in blue, and the
revised content in the manuscript is highlighted in red.

Response to Reviewer #1:
General Assessment

Passenger vehicle emissions constitute a significant source of urban air pollution, and accurate
quantification of their emission characteristics is fundamental for formulating effective control
measures. This study integrates ride-hailing big data with traffic flow modeling to get hourly
vehicle speed data gridded at a 0.01° resolution across the nation, and constructs a high
spatiotemporal resolution passenger vehicle emission inventory (0.01°x0.01°; hourly). The
research quantifies the distribution characteristics of multiple pollutants across different time
scales (from hourly to annual), with comparative analyses conducted against conventional
algorithms. Furthermore, the WRF-Chem model was employed to validate the inventory through
simulation. The methodology employed in this study offers a novel approach for compiling motor
vehicle emission inventories and provides enhanced data precision for urban traffic pollution
management and air quality modeling. The manuscript is well-organized. Several additional
comments are provided for further improvement as follows:

Response: Thanks for your positive comments. We have carefully considered each of your

comments and have made the necessary revisions accordingly.

Major Comments:

1.The core of this paper is to establish the relationship between vehicle speed and emission factors
(EF). However, the existing figures and tables do not intuitively present the EF-Speed. It is
recommended to add a new figure in Section 3.1 showing the EF-Speed curves for NOy, CO, and
VOCs, with some explanation.

Response: We highly appreciate the reviewer’s insightful suggestion, which is crucial for
highlighting the core contribution of our study. To address this comment, we have added Figure
2(d) in Section 3.1 of the revised manuscript, which intuitively depicts the EF-speed curves for
NOx, CO, and VOCs derived from the ride-hailing big data. Accordingly, we have supplemented
detailed descriptions of this figure in the text as follows:

“The emission factor of CO, VOCs, and NOx all exhibited a trend of sharp decrease followed
by gradual increase in response to vehicle speed, which was consistent with the combustion
kinetics of internal combustion engines (Fig. 2d). Among them, the EFs of incomplete combustion
pollutants (CO and VOCs) showed more significant responses to speed variations, while the EFs
of thermal-generated NOy were mainly controlled by the temperature and oxygen concentration

inside the cylinder and thus showed relatively moderate responses to speed changes (Chen et al.,
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Figure 2. Temporal variations in vehicle speed on different road classes and corresponding EF-Vehicle Speed
curves. Diurnal speed profiles of different road classes on (a) workday; (b) weekend; (c) holiday; (d) responses of

CO, VOCs, and NOx EF to vehicle speed.

2.207: Figures la and 1b present the national gridded vehicle speeds at 08:00 and 22:00. In my
opinion, additional information should be included in this section, such as the differences in
vehicle speeds across different road types (National Highways, Provincial Highways, and County
Roads), and explain them properly in the text.
Response: We fully agree with your comment and have supplemented the analysis of vehicle
speed differences across all involved road types in Section 3.1.

“Specific to the road type, the average driving speeds were higher on expressways (workday:
8:00: 67.12 km h''; 22:00: 68.59 km h™"), urban arterial roads (workday: 8:00: 51.43 km h'; 22:00:
4533 km h'') and national highways (workday: 8:00: 40.05 km h''; 22:00: 42.92 km h'')
compared to other types of roads (Figs. 2a, 2b, 2¢). Notably, urban arterial roads speeds fluctuated
sharply during workdays and weekends, with fluctuation magnitudes of 25.3 km h! and 12.8 km
h'! respectively; this was attributable to the heavy intercity and interregional commuting traffic
they carry, which caused a rapid surge in road saturation and thus a sharp speed drop, followed by
a swift rebound (by 63.2% and 41.2% respectively) during midday off-peak hours as commuting
demand wanes (Wang et al., 2016). By contrast, holiday travel was dominated by interregional
family visits and tourism, with highly dispersed travel timings, leading to mitigated speed
fluctuations across all road types.”
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Figure 2. Temporal variations in vehicle speed on different road classes and corresponding EF-Vehicle Speed
curves. Diurnal speed profiles of different road classes on (a) workdays; (b) weekends; (c) holidays; (d) responses of

CO, VOCs, and NOx EF to vehicle speed.

3.231: In Section 3.2, the manuscript states that “Urban areas, despite occupying only 0.8% of the
country’s total land area, accounted for a high 35.3% of total vehicle emissions.” What is the
definition criterion for “urban and rural areas”? It is necessary to clarify the criteria for defining
urban boundaries, so as to avoid potential interpretation bias caused by ambiguous definitions.
Response: We appreciate the valuable comment regarding the definition criteria for urban and
rural areas. The definition of urban and rural areas is based on the research of Li et al.(2020). We
adopted the urban boundaries defined in this study as our judgment criterion. This demarcation
method can effectively avoid interpretation biases caused by ambiguous criteria for urban-rural
division. Corresponding clarification has also been added after the caption of Fig. 3.

“Furthermore, the definition of urban and rural areas involved in this study was based on the
research of Li et al.(2020)”

4.Among different urban agglomerations, the emission density difference between urban and rural
areas is pretty noticeable. What are the primary reasons for such differences?

Response: Thank you for raising this important point. Compared with rural areas, urban areas have
a higher ownership of passenger vehicles and lower driving speeds, resulting in significantly
higher emission density. This also accounts for the divergent urban-rural emission density gaps
across different urban agglomerations (Zhao et al., 2019). Among these, the Beijing-Tianjin-Hebei
(BTH) urban agglomeration exhibits the largest urban-rural emission density ratio of 16.4, which
is 13.5 higher than the national average. This gap stems from its higher per capita vehicle
ownership (0.23) than the national average (0.16), and smaller urban built-up areas than other
agglomerations (Duan et al., 2024).We have added relevant content in Section 3.2.

“However, variations in urban-rural vehicle ownership and land area across different urban
agglomerations led to different urban-rural emission density gaps (Zhao et al., 2019). Notably, the
Beijing-Tianjin-Hebei (BTH) urban agglomeration exhibited the largest urban-rural emission
density ratio of 16.4, which was 13.5 higher than the national average. This gap stemmed from its
higher per capita vehicle ownership than the national average, and smaller urban built-up areas



than other agglomerations (Duan et al., 2024).”
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Figure 4. Geospatial distribution of passenger vehicle emissions and the disparities between urban and rural areas:
(a) total pollution-eq emissions (TPEs) at 0.01° x 0.01° resolution and (b) urban-rural differences in vehicle
emission densities in four major urban agglomerations (BTH: the Beijing-Tianjin-Hebei region; YRD: the Yangtze

River Delta region; PRD: the Pearl River Delta region; SCB: the Sichuan Basin ) in 2019.

5.The authors obtained national vehicle speeds using ride-hailing big data, but could this data
introduce spatial bias into the results? Can it cover all roads? The authors need to conduct further
discussions on these aspect to make sure the national-scale emission estimates are reliable.
Response: Thanks for your comment on the potential spatial bias in the big data of ride-hailing.
The ride-hailing dataset employed in this study covers all major road categories nationwide;
however, constrained by the relatively low penetration rate of ride-hailing services in western
China, the sample size of this region is relatively insufficient. To address this limitation, on the
basis of constructing the initial gridded vehicle speed dataset, we adopted the nearest neighbor
interpolation method to supplement data for road segments with missing values across each road
type. This ensures that all roads nationwide are assigned vehicle speed information, thereby
effectively reducing errors caused by insufficient data volume. Consequently, this dataset does not
affect our main research findings. Relevant description on this content have been supplemented in
Section 2.2.1:

“This dataset had covered all major road types nationwide. To address the insufficient
sample size of ride-hailing services in western China, we adopted the nearest neighbor
interpolation method to supplement the speed information of road segments with missing values

across each road type.”

6.L.279: The manuscript notes: “During the morning peak, hourly average emissions on workday
exceeded those on weekend and holiday by 8% and 5%, respectively, increasing to 12% and 18%
during the evening peak.” Why does the phenomenon occur?

Response: We appreciate the reviewer for pointing out the issue regarding the widened emission
gap during the evening peak period. Morning peak travel is dominated by work trips, while
evening peak traffic flow also includes passenger vehicle flows from daily activities such as
shopping and dining (Azari et al., 2025). This directly increases the vehicle density and prolongs
the duration of congestion in the urban road network during the evening peak. As a result, vehicles
in low-speed and start-stop conditions produce much higher emission intensities, which ultimately



enlarges the emission difference between workdays and non-workdays at night (Choudhary et al.,
2016).We have added one sentence to explain this phenomenon.
“This expanding difference was attributed to the more diverse types of nighttime travel activities,
which included both work trips and daily consumption trips such as dining and shopping. This led
to higher vehicle density and prolonged traffic congestion, thereby substantially increasing
emission intensity (Azari et al., 2025; Choudhary et al., 2025).”

7.When comparing with the traditional algorithm, what vehicle speed is adopted in the traditional
method? And what are the differences between it and the inventory developed in this study?
Response:We sincerely thank the reviewer for the comments. The traditional method adopted in
this study is strictly based on the recommended datasets specified in the current technical
guidelines for compiling on-road vehicle emission inventories (MEE, 2014). Specifically, this
method categorizes vehicle speeds into several discrete intervals (e.g., 0-20 km-h™!, 20-30 km-h™!,
30—40 km-h™!, 40-80 km-h™!, >80 km-h™"), with a single averaged emission factor assigned to
each interval, regardless of the speed fluctuation within each interval. Compared with traditional
algorithms, this paper mainly has two improvements. First, this study innovatively adopts
continuous real-world vehicle speed data derived from ride-hailing big data. Second, we integrate
the congestion index with the traffic flow model to disaggregate the monthly-scale vehicle activity
level of the traditional method down to the hourly scale, thereby improving the accuracy of
emission estimation.

We have added the differences between the traditional algorithm and the inventory developed in
this study in the main text’s Section 2.1 and supplemented Table S2 in the supporting materials.

In the Section 2.1: “The core difference between the traditional algorithm and the improved
algorithm in this study was that the former assigned a fixed speed correction factor for each of the
five speed intervals with monthly-scale activity levels, while the latter obtained continuous speed
correction factors and further refined the activity levels by combining the congestion index with
the traffic flow model. The detailed correction values could be found in Table S2.”

In the supporting materials:

Table S2. Average speed correction factor for passenger vehicles under the traditional algorithm.

Pollutants Speed Range (km h')
<20 20-30 30-40 40-80 >80
CO 1.69 1.26 0.79 0.39 0.62
VOCs 1.68 1.25 0.78 0.32 0.59
NO« 1.38 1.13 0.90 0.86 0.96
PM 1.68 1.25 0.78 0.32 0.59

8.L.295: Section 3.4 only provides an overall emission comparison with the traditional method. It
doesn’t show the differences in underestimation rates across different time periods—Ilike seasons
or holidays.

Response: Thank you for your valuable comments. To address this concern, we have
supplemented Section 3.4 of the revised manuscript with comparative diagrams illustrating the
differences in underestimation rates across distinct temporal scenarios, including seasonal
emissions as well as emissions during weekdays, weekends and holidays. This revision further
highlights the advantage of the emission inventory developed in this study in capturing dynamic



emission characteristics. We have added the relevant descriptions in the main text.

“The traditional method exhibited a significant underestimation of passenger vehicle
emissions across distinct seasons and day types (Fig. 7c). From a seasonal perspective, this
method underestimated the average daily passenger vehicle emissions by 31.6%, 31.0%, 32.7%
and 31.8% in spring, summer, autumn and winter, respectively, with a relatively small overall
fluctuation range. In contrast, the discrepancy in underestimation across different day types was
more pronounced, and the method’s underestimation of passenger vehicle emissions on weekends
(33.4%) was significantly higher than that on weekdays (27.7%). The formation of this
characteristic difference was not only associated with refined vehicle speed correction, but also
stemmed from the quantitative analysis of vehicle activity levels across different day types based
on congestion indices in this study.”
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Figure 7. Comparison of this study with traditional algorithms: (a) Beijing, Shanghai, Guangzhou to compare it with
the results of the present study (Difference = This Study — Traditional); (b) Comparison of daily average results
across (c) four seasons and (d)three date type; The percentage of underestimation for each province calculated with

the traditional method. The purple boundary in (a) is the Urban Growth Boundary (UGB).

There are some minor comments:

1.In Section 2.4, The authors should provide the total number of monitoring stations, as well as the



number of those located in regions with the top 20% road density.
Response:Thanks for your suggestion. To clarify the spatial distribution of monitoring stations, we
have supplemented the relevant information in the Section 2.4:

“This study used observational data from 114 national monitoring stations within the
simulated area to comprehensively evaluate the simulation results of the emission inventory
developed in this study and the traditional inventory, as well as the improvement effects at the 15
stations located in the regions with the top 20% road density.”

2.L.208: It is recommended to revise the caption of Figure 1 from “Average speed in China” to
“The average vehicle speed of passenger vehicles in China in 2019”.

Response: Thank you for your advice, we have revised the caption from “Average speed in China”
to “The average vehicle speed of passenger vehicles in China in 2019” in the revised manuscript.

3.L.146 and L.158: Some symbols (such as Kj, vf, Lp,i) lack complete unit annotations when they
first appear.
Response: We have added unit annotations for all symbols at their first occurrence.
“Where, A is the congestion delay index, dimensionless; T is the actual time spent travelling
(h); Tr is the time spent travelling at the smooth speed (h); L is the length of the road section (km),
v is the actual travelling speed (km h™'), and v¢is the smooth speed of the vehicle (km h™"), then:”
“Where Q is the flow rate (veh h'); A is the congestion delay index; K;j is the congestion

density (veh km™); vy is the unimpeded vehicle speed, and Kj and v are constants.”

4.1..228: Section 3.2 states ““ The annual amount of CO, VOCs, NOx, PM and NH3 emitted from
national passenger vehicles in 2019 were 4087.8, 1069.4, 211.7, 1.9, 77.5 kt, respectively” while
Table 1 shows “CO: 408.78 ten thousand tons...” The unit conversions should be consistent
throughout to avoid data ambiguity.

Response: Thank you for the comments. We have unified all the units in the paper as kt.

5.Check the citation format of all references in the full text.
Response: We appreciate the reviewer's correction. We have checked and revised the formatting of
the references accordingly.
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